Kundang, a seasonal, tropical fruit is consumed either as raw (unripe) or ripe in south-east Asia. Investigations performed by using gas chromatographymass spectrometry revealed volatile constituent compounds in ripe fruits to be much higher than unripe fruits. Nearly 82 compounds (comprising 99.96% of the total volatiles) and 121 compounds (encompassing 97.33% of the total volatiles) were identified in unripe and ripe fruits, respectively. Results generated is envisaged to enhance the existing database on tropical fruits volatile profiles, as well as benefit local food industries (to exploit the unique fragrance character impact compounds for aroma essence production) for commercial usage.
Introduction
Of late, world over, consumption of fresh fruits is given high preference and is recommended as a part of human diet. This is mainly due to the rich nutraceuticals/functional values imparted by fruits. Besides, there are countless scientific and epidemiological reports available on health benefits incurred on regular consumption of fruits. [1] [2] [3] [4] Malaysia, being a tropical country of south-east Asia, has a wide diversity of underutilized and underexplored fruits, which are preferred by the local population for their acceptable organoleptic qualities. [2, 3] It is opined that a large amount of non-traditional fruits remains under-exploited (rather underutilized) world over, specifically being true in case of many tropical fruits, which has rather remained inaccessible in international markets. [5] In south-east Asia, some of the most popular local fruits includes: durian, rambutan, longan, mangosteen, and many others. Majority of the underutilized/underexploited fruits are commonly encountered in the wild, specifically in the regions of Peninsular Malaysia, Sabah, and Sarawak. [6] Among a wide array of seasonal tropical fruits of south-east Asia, kundang fruits (referred to as setar in Malaysia; English name: gandaria or plum mango; Botanical name: Bouea macrophylla Griffith, family Anacardiaceae), is popular among the local communities, which still remains underutilized. The trees bearing kundang fruit are widely cultivated in Malaysia for shade as well as for ornamental purpose in gardens. Apart from Malaysia, kundang tress are frequently encountered in regions of Indonesia (North Sumatra and West Java), Thailand, and in the Philippines. [7, 8] Traditionally, almost all the parts of kundang plant (leaves, unripe and ripe fruits, and seeds) are edible, and have been used for various culinary purposes. The fruits attaining commercial maturity (unripe and ripe) are sub-globose drupes (4-5 cm and being 3.4-5 cm in size). The ripe fruit skin (peel) and pulp are orange colored, very juicy, and tastes a mixture of sweet to sour with a pleasant aroma. Traditionally, ripe fruits have been used in Malaysia to prepare refreshing drinks, or are processed into jam or syrup. Whereas, unripe fruits have green skin, neutral aroma, and are sour taste. In Malaysia, unripe fruits are used in salad preparation, such as that of "rojak" or "asinan" (pickles). In Thailand, unripe fruits are used as an added ingredient to prepare spicy food preparations, including those of pickles. [8] As in the case of any other aromatic fruits, such as mango, durian or pineapples, the flavors/ aroma of kundang are also unique. The aroma/volatile compounds present in a fruit is an important criteria to govern their freshness attributes. Besides, research interests have been enhanced recently to identify volatile compounds in various fruits world over. [9, 10] Moreover, volatile compounds in a fruit can be produced during pre-or post-harvest stages (via metabolic pathways) or during storage and technological treatments imposed. [10] Some of the naturally present volatile constituents in aromatic fruits include those of terpenes, alcohols, aldehydes, esters, and ketones. [11] There is a single report available on the volatile constituents of ripe fruits of kundang, [12] wherein nearly 40 components were identified (mainly of monoterpene and sesquiterpene hydrocarbons).
Based on this background, the main objective of this study was to identify the volatile constituents of both unripe and ripe kundang fruits. To the authors' knowledge, this is the first detailed report comparing the volatile compounds in unripe and ripe kundang fruits. The results generated in this study is envisaged to not only enhance the existing database on this tropical fruits volatile profile, but is also expected to benefit the local food industries (to exploit the fragrance/character impact compounds for aromatic essence production) for commercial usage, as well as help in breeding programs related to kundang.
Material and methods

Samples collection
Freshly harvested, matured unripe and ripe fruits (fruits that have attained physiological and commercial maturity) of kundang fruits (B. macrophylla) were collected from a local farm in Kampung Jelai, Perak region in Malaysia (see Fig. 1a and 1b) . Further, maturity indices were based on horticultural maturity, which is considered to be a stage when a plant part such as those of fruits are rendered edible or ready to be used by consumers for a particular purpose. As kundang fruiting is seasonal, the ripe fruits were harvested from the same 'marked' or the 'identified trees' as those of unripe fruits in the same selected farm. For the analysis, utmost care was taken to see that both unripe and ripe fruits do not have any physical injuries, and are devoid of insects or microbial damages. After transporting to the laboratory (within 2 h after harvest), fruits were washed thoroughly under running tap water (to remove dust or soil particles, if present), and were individually wiped using a clean, dry cloth. Further, the pulp and peel portions (seeds were removed) were cut into small portions/cubes of equal sizes (2 × 2 cm). Followed by this, fruits were freeze-dried (in dark by covering with an aluminium foil), until they were devoid of any appreciable amount of water contents (or moisture). The final moisture level was approximately 7 and 6% in unripe and ripe fruits, respectively. For freeze drying, the temperature set at: -46°C with a vacuum pressure maintained at 0.030 mBar (freeze drier Model 7754511, Labconco Corporation, Kansas City, USA). We adopted freeze drying process, as normally fruits undergoing this process do not lead to loss of any micro-nutrients and are capable of retaining their original flavor and overall sensory attributes. [13] Using freeze-dried fruit samples for analysis assumes much importance as it can offer a better consistency in results, compared to fresh fruit extracts. It is a universally accepted fact that freezedried samples can retain better nutritional and sensory qualities, as well as those compounds responsible for inducing aroma and flavor (essential oils). During freeze drying, low temperature is maintained in a product that tends to avoid deterioration in the quality. Also, low water activity in freeze-dried samples can enhance the products stability against microbial contamination. Further, freeze-dried fruits does not deteriorate during extended storage period (especially during the study time period). Later on, the freeze dried fruit were grinded in a kitchen blender and sieved with a 250 µm sieve to obtain the fruit powder.
Determination of volatile compounds
Fifty grams of unripe and ripe freeze-dried fruit powder samples was subjected to continuous hydro-distillation process by using a Likens-Nickerson distillation unit (for 2-3 h). [14] The distillate obtained was trapped in dichloromethane, followed by drying of the extracted volatiles over anhydrous sodium sulphate, which was later flushed using nitrogen gas to obtain pure oil extract. [15] Gas chromatography-mass spectrometry (GC-MS) analysis was carried out to analyze the volatile compounds (GC system coupled to a mass selective detector, Model: Clarus 600, Perkin Elmer, MA, USA; column equipped with HP-5 of 30 m x 0.25 mm id × film thickness 0.25 µm). The temperature programming for operating conditions (starting temperature 40-60°C [2°C/ min] and later ramped up to 220°C [4°C/min] with injecting temperature set at 220°C) was based on the method reported earlier. [16] All the chemical compounds were identified by comparing the retention time (RT) and mass with the standards after injecting into the GC-MS. Wherever applicable, clarifications were also done by matching with the instruments inbuilt mass library (based on the National Institute of Standards and Technology-Electron Impact mass spectral library, GC data library, NIST MS search software, automated mass spectral deconvolution and identification system for complex chromatograms, and Wiley 8th Mass Spectral Library). The run time was approximately 60 min, and we considered 96% of the match as the minimum for a positive identification.
Statistical analysis
Results of all the analysis carried out in the present study are based on means of three individuals (n = 3) ± standard deviation (SD). We used SPSS VERSION 16 .0 to analyze the data, and one way analysis of variance (ANOVA) was undertaken to determine the significant difference between the mean values by using Duncan's new multiple range test (level of significance of p < 0.05).
Results and discussion
In this study, we employed steam hydro-distillation method for isolation of the volatile compounds (essential oils) from unripe and ripe kundang fruits. Hydro-distillation is one of the popular, costeffective and a routinely adopted method world over used to isolate volatile compounds. The distillation of freeze-dried unripe and ripe kundang fruits yielded 0.05 and 0.16% (dry weight) of essential oils, respectively. In total, nearly 82 compounds (comprising 99.96% of the total volatiles) were identified in unripe kundang fruits, whereas, 121 compounds (encompassing 97.33% of the total volatiles) were identified in the ripe kundang fruits by GC-MS (Table 1 ). In general, we categorized the composition of unripe and ripe kundang fruits as terpene hydrocarbons and oxygenated compounds (acids, alcohols, aldehydes, esters, and ketones). The percentage of oxygenated compounds was higher in ripe kundang fruits in comparison to the unripe fruits by 0.67, 5.42, 10.42, and 3.41%, respectively. Among the compounds, in unripe kundang fruit, terpene hydrocarbons (32.89%), acids (29.72%), esters (17.32%), and ketones (16.85%) were the major components. On the contrary, compounds in ripe fruit comprised mainly of terpene hydrocarbons (29.28%), ketones (27.27%), and esters (20.73%; Table 1 ).
In Tables 2 and 3 , volatile compositions of essential oil from unripe and ripe kundang fruits are depicted. Some of the major essential components of terpenes (based on percentage) identified in unripe kundang fruits were alpha-cadinol (4.94%), delta-cadinene (4.80%), tumerone (3.65%), and alpha-muurolene (1.14%). Further in ripe fruits, alpha-terpineol (4.41%), candin-4-en-10-ol (3.46%), 1,10-di-epi-cubenol (2.84%), (e,e)-alpha-farnesene (2.34%), alpha-muurolol (1.44%), (E)-beta-ionone (1.17%), and delta-cadinene (1.32%) were the major terepene based compounds identified (on percentage). Among the ketones, 5,6-decanedione (13.99%) and acetophenone (2.59%) were the major compounds in unripe fruits while in ripe, acetophenone (12.31%) acetyl valeryl were the major compounds (10.99%) identified.
Among the esters, this was dominated by hexanedioic acid, bis(2-ethyl) ester (6.96%) in unripe fruits, while in ripe fruits pentanoic acid, 2-propenyl ester (8.25%) was the dominant compound. For acids, the major compound in unripe fruits was trimethylacetic anhydride (22.16%), while in ripe fruits, the major compounds identified was N-hexadecanoic acid (5.60%), dodecanoic acid (2.01%), and oleic acid (1.07%). The presence of well-established aroma inducing compounds in threshold levels such as those of α and β-Terpineol (4.41 and 0.09%), thymol (0.55%), myristic acid (0.34%), eugenol (0.12%), octanal (0.10%), and non-anal (0.55%) can also have high impact on induction of unique aroma in ripe kundang fruits. However, further studies are warranted to characterize the main character impact compound in unripe and ripened kundang fruit.
A comparison between the composition (%) of similar principal components of essential oils present in both unripe and ripe kundang fruit is provided in Table 4 . Majority of the identified compounds in unripe and ripe kundang fruits such as those of alcohols, aldehydes, terpene hydrocarbons, and ketones are aroma inducing components. Some of the identical compounds such as cadinene, alpha-terpineol, eugenol, linalool, and myristic acid, apart from being aroma inducing compounds, are also well-established for their broad spectrum of antimicrobial activities. In one of the studies in ripe kundang fruit by Wong and Loi, [12] a total of 40 compounds were identified following vacuum distillation (capillary GC and GC-MS used to isolate the volatile constituents), which represented 98.4% of the total volatiles. However, in the present study, more compounds were isolated (121 compounds). It is worth to state here that the volatile composition/presence of various aroma inducing compounds can be influenced by cultivar, fruits maturity, and environmental conditions prevailing in the cultivation area. The volatile compound produced in fruits is reported to mainly comprise of terpenoids, sulphur compounds, aldehydes, esters, and ketones, which are all responsible for their aroma. Additionally, unique aroma or flavor of a specific fruit is often used as a recognition tool by consumers to classify the ripeness, freshness, as well as the superiority. [17, 18] 
Conclusion
Volatile profiles of unripe and ripe kundang fruits are reported in this study. Overall, results showed total volatile compounds (in percent) in ripe fruits to be much higher than the unripe fruits. Further, oxygenated compounds were also high in ripe kundang fruits in comparison to the unripe fruits. The unripe fruits had high levels of terpenoids hydrocarbons and acids compared to the ripe fruits. In general, ripe fruits usually have a pleasant aroma, which can now be attributed to the presence of higher number (and percentage) of compounds, as recorded in this study. Future studies are required to evaluate the influence of various physiological, biochemical, and environmental features that can influence volatile components, identify the key character impact compound that imparts the unique aroma, and identify the levels of various character imparting compounds occurring during various stages of ripening of kundang fruit. Besides, as essential oils are well known for their in vitro antimicrobial activities, this also merits investigations. Results are average mean of three independent replicates with standard error detected < ± 0.01. RT: retention time.
Results are average mean of three independent replicates with standard error detected < ± 0.01. 
